Introduction
The goal of this research is to develop a methodology for analyzing the reactivity of cyclic olefins in situ in a high temperature and high pressure infrared cell. Cyclic olefins, such as 1,4,5,8-tetrahydronaphthalene ( The research performed during Fall quarter 1995 focused upon evaluating the stability of naphthalene, decalin, tetralin and isotetralin at elevated temperatures in a Fourier transform infrared (FTIR) cell. Previous studies had shown that naphthalene was quite stable at temperatures up to 230 "C, but a more definitive stability study was conducted to confirm this observation. Stability studies also confirmed the non-reactivity of decalin and tetralin at elevated temperatures up to 230 "C . Preliminary investigations with isotetralin showed that isotetralin reacted at temperatures of 230 "C and lower. In order to investigate the effect of temperature on the reactivity of isotetralin, an experimental design for the stability test was devised.
Naphthalene, decalin and tetralin were also subjected to the same experimental regimen.
The stability studies consisted of increasing the temperature of the samples from 65 "C to 100 " C , 150 "C, 200 "C, and finally to 230 "C, while holding the initial temperature and each intermediate temperature constant for thirty minutes. Scans were obtained before and after each step, and a scan was taken every thirty minutes at the final temperature for a period of three to four hours. Since isotetralin was reactive at 230 "C, additional studies were conducted with the final temperature being reduced to 200 "C, 150 "C and 100 "C.
Research Performed During this Quarter
Interpretation of Results. The stability studies indicated that naphthalene, decalin and tetralin are all quite stable at temperatures up to 230 "C, as indicated in Figures 1 through 6 . Since the scans at the intermediate temperatures are virtually identical to the initial and final scans, only the initial scan at 65 "C and the final scan at 230 "C are presented. It should be noted that the peak height ratios for the initial scan at 65 "C are virtually identical to those for the final scan at 230 "C. Isotetralin, on the other hand, proved to be quite reactive. A detailed discussion of the reaction will necessarily involve the assignment of peak locations to definite structural features in the isotetralin molecule and its presumed products. Some of this work was accomplished this quarter with the rest being undertaken next quarter. Two of the peaks in the isotetralin spectra have been tentatively identified. The peak at 2855 cm-' has been identified with a symmetrical CH, stretch (Silverstein' places the value at 2853 plus or minus 10 cm-') and the olefinic C H stretch at 3035 cm-'. Generally, any C-H stretching bands above 3000 cm-' result from aromatic, heteroaromatic, acetylenic, or olefinic stretching.2 In the case of isotetralin, where these absorbance are present, they are limited to olefinic stretching. Figure 17 presents the last isotetralin scan at 230 "C which represent the reaction products for this study, and the scan of naphthalene on the same display. The increase in the broad peak between 3 100 and 3000 cm-' is suggestive of an increase in the aromaticity of the reaction products as compared to isotetralin.
Noise Reduction
Many of the spectra obtained at elevated temperatures have been plagued by considerable amounts of noise. The problem was addressed and a noticeable reduction in the noise level has been achieved. Specifically, three actions were taken. First, it was noted that background scans ma4.3rd.qt it was noted that the software, if allowed to autogain, will scan a sample at a different gain than the gain of the background to which the sample is to be compared. Consequently, the procedure was modified to allow the software to autogain for the background scan, but force the sample gain to match the background gain. Once again, noticeable noise reduction was achieved. Lastly, increasing the number of scans per sample can sometimes increase the signal-to-noise ratio (also referred to as "post-processing the noise"). The number of scans per sample was increased from the usual 32 to 64, 128 and 256 scans per sample. No reduction in the noise level was noticed, the number of scans per sample was returned to 32. The noise level continues to be a problem and constitutes a project for future work.
Future Work
The current elevated temperature work is to be extended to an elevated pressure as well (500 psi) by application of a nitrogen or hydrogen blanket. The cell will need to be rotated 90 degrees in its holder in order to introduce gas above the liquid phase. Hopefully, the anchoring of the cell to insure reproducibility of positioning in the optical path can also be accomplished with these mechanical alterations. Noise continues to be a problem which will need to be addressed.
The peaks appearing in the spectra of isotetralin and its products will need to be assigned to defmite structural features in these molecules. The stability studies will be extended to 350 "C and 500 psi using a polyperfluoroether obtained from W o n t . This work may also be extended to 1,2 and 1,4-dihydronaphthalene. The linear region of the absorbance vs. concentration curves at ma4.3rd.Q elevated temperatures and pressures will be determined. It may be necessary to use the least squares and/or deconvolution software packages in connection with this determination. The kinetics of the reaction of isotetralin at elevated temperatures and pressure will be determined.
